Aims. We conducted a search for brown dwarfs (BDs) and very low mass (VLM) stars in the 625 Myr-old Hyades cluster in order to derive the cluster's mass function across the stellar-substellar boundary. Methods. We performed a deep (I=23, z=22.5) photometric survey over 16 deg 2 around the cluster center, followed up with K-band photometry to measure the proper motion of candidate members, and optical and near-IR spectroscopy of probable BD and VLM members. Results. We report the discovery of the first 2 brown dwarfs in the Hyades cluster. The 2 objects have a spectral type early-T and their optical and near-IR photometry as well as their proper motion are consistent with them being cluster members. According to models, their mass is 50 Jupiter masses at an age of 625 Myr. We also report the discovery of 3 new very low mass stellar members of the cluster, and confirm the membership of 16 others. We combine these results with a list of previously known cluster members to build the present-day mass function (PDMF) of the Hyades cluster from 50 Jupiter masses to 3 M ⊙ . We find the Hyades PDMF to be strongly deficient in very low mass objects and brown dwarfs compared to the IMF of younger open clusters such as the Pleiades. We interpret this deficiency as the result of dynamical evolution over the past few 100 Myr, i.e., the preferential evaporation of low mass cluster members due to weak gravitational encounters. Conclusions. We thus estimate that the Hyades cluster currently hosts about 10-15 brown dwarfs, while its initial substellar population may have amounted up to 150-200 members.
Introduction
The determination of the initial mass function (IMF), i.e., the mass frequency distribution of objects formed in molecular clouds, yields strong constraints to star formation theories (Padoan & Nordlund 2002; Bate & Bonnell 2005; Larson 2005; Jappsen et al. 2005 ). In the last 10 years, the IMF has been de- rived from the most massive stars down to the substellar domain in a variety of environments : star forming regions (e.g. Luhman et al. 2003) , young open clusters (e.g. Bouvier et al. 1998 ) and in the field (e.g. Reid et al. 1999) . As brown dwarfs continuously cool down as they evolve (Chabrier et al. 2000) , they are brighter when younger. Thus, the IMF could be derived down to a mass of a few Jupiter masses in star forming regions (Lucas et al. 2006; Caballero et al. 2007 ) and down to about 30 Jupiter masses in rich young open clusters (Moraux et al. 2003 (Moraux et al. , 2007 Barrado et al. 2004; de Wit et al. 2006) . While a large number of field brown dwarfs have also been discovered within a few tens of parsecs from the Sun, the derivation of the field IMF below 0.1 M ⊙ still remains uncertain due to the lack of knowledge of the ages of substellar objects (Chabrier 2002; Allen et al. 2005; Cruz et al. 2007 ).
In a previous series of paper, we derived the lower mass function of a number of young open clusters down to about 30 M Jup (see Clarke 2005 and Stauffer 2005 for short reviews) and discussed the implications of an apparently universal cluster mass function for star formation scenarios (Moraux et al. 2007 ). Here, we report an extended, deep optical survey of the Hyades cluster aimed at detecting substellar objects and deriving the cluster's mass function across the stellar-substellar boundary. The motivations for this survey are twofold. Firstly, all previous searches for substellar objects in the Hyades have failed to report any positive brown dwarf detections (Reid & Hawley 1999; Gizis, Reid & Monet 1999; Dobbie et al. 2002) . The lowest mass members reported so far includes LH 0418+13, with a spectral type M8.5 and an estimated mass of 0.083 M ⊙ (Reid & Hawley 1999) , the ≃0.081 M ⊙ companions of a couple of 0.1 M ⊙ Hyades probable members, LP 415-20 and LP 475-855 (Siegler et al. 2003) , and an unresolved very low mass companion (0.070-0.095 M ⊙ ) in the spectroscopic binary RHy 403 (Reid & Mahoney 2000) . Yet, the discovery of brown dwarfs at an age of 625 Myr (Perryman et al. 1998) would provide a unique benchmark to calibrate the substellar evolution models. Secondly, the Hyades cluster is dynamically evolved (Adams et al. 2002) . A significant fraction of its initial low mass population is therefore expected to have drifted away beyond the cluster boundaries (e.g. Reid 1993) . Deriving the lower mass function of such an evolved cluster would provide a direct measurement of the rate at which low mass cluster members evaporate and populate the field. In turn, this measurement would allow us to test the validity of N-body simulations of the dynamical evolution of young clusters (e.g. Kroupa 1995; Portegies Zwart et al. 2001 Perryman et al. (1998) derived its main structural and kinematical properties based on Hipparcos measurements : a distance of 46.3±0.27 pc, an age of 625±50 Myr, a metallicity [Fe/H] of 0.14±0.05, a present-day total mass of about 400 M ⊙ , a tidal radius of 10.3 pc, a core radius of 2.5-3.0 pc and negligible extinction on the line of sight. The large proper motion of the cluster (µ ≃100 mas yr −1 ) can be easily measured from imaging surveys over a timeframe of only a few years, which helps in assessing cluster's membership.
In Section 2, we describe the optical survey we performed over the central 16 deg 2 of the Hyades cluster, as well as follow-up K-band photometry and both optical and infrared spectroscopy. The proper motion of optically-selected candidate members is derived from optical and near-IR images obtained 2 to 3 years apart. In Section 3, we describe our selection of candidate members combining optical and inrafred photometry, as well as proper motion measurements and follow up spectroscopy. We thus report 21 probable members, of which 5 are new and 2 are the first Hyades brown dwarfs, with an estimated mass of ≃50 M Jup . In Section 4, we discuss the spectral properties of the newly found low mass Hyades members, and derive a spectral type of T1 and T2 for the 2 brown dwarf candidates. We proceed in deriving the present-day mass function of the Hyades cluster from 0.050 to 3.0 M ⊙ , which we find to be strongly deficient in very low mass stars and brown dwarfs compared to the mass function of the younger Pleiades cluster. We discuss this result in the light of N-body simulations of the dynamical evolution of young open clusters.
Observations and data reduction
We describe below the deep, wide field optical survey we performed on the Hyades cluster at CFHT in the I and z bands. We Dobbie et al. (2002) . also present follow up K-band imaging, as well as optical and infrared spectroscopy obtained for a subset of optically-selected cluster candidate members.
The optical survey
Wide-field optical images were obtained in the I and z bands with the CFHT 12K camera, a mosaic of 12 CCD arrays with a pixel size of 0.21
′′ which provides a FOV of 42×28 ′ (Cuillandre et al. 2000) . The survey was performed during several service observing runs between September 2002 and January 2003, and consists of 53 mosaic fields covering a total of 17.3 square degrees over the cluster area. However, one CCD of the mosaic (CCD05) had serious cosmetics problems during these runs and yielded useless data, thus reducing the effective survey area by 1/12. The dates of observation and the coordinates of the center of the mosaic fields are listed in Table A .1 in Appendix A. The area covered by the survey on the sky is illustrated in Figure 1 . The survey extends symmetrically around the cluster's center, along a 4 deg-wide stripe of constant galactic latitude, and up to 3 degrees away from the cluster center in galactic longitude.
Short and long exposures (10s in I and z, 3×300s in I and 3×360s in z) were obtained for each field. This resulted in a continuously sampled range of I magnitudes from I∼13, the saturation limit of short exposures, to a detection limit of I∼24. The survey is at least 90% complete down to I∼23.0 and z∼22.5, as computed from overlapping 12K fields (see Moraux et al. 2003 ), a limit which varies only slightly with seeing conditions (0.6-0.8 ′′ FWHM, see Table A .1). Photometric standard fields (Landolt 1992) were observed several times per night, as part of the continuous monitoring of the CCD mosaic photometric zero points during service observing runs.
Individual images were processed through CFHT's Elixir reduction pipe-line (Magnier & Cuillandre 2004 ) including bias subtraction, flat-fielding, fringe correction, scattered light correction in z-band, and astrometric calibration (0.8 ′′ rms). Multiple I-and z-band dithered long exposures were then registered and co-added. PSF photometry was performed on both short and long exposures with a modified version of SExtractor (Bertin & Arnouts 1996 ) from a PSF model computed with the PSFEx software (Bertin et al., in prep.) . The resulting catalogues were photometrically calibrated using the I-and z-band photometric zero points of the corresponding nights derived from the Landolt standard fields and extinction coefficients k I and k z of 0.04 and 0.03 mag/airmass, respectively. In the z-band, the photometric zero points are computed from selected Landolt standards of spectral type A0. A few frames were taken through thin cirrus absorption (a few 0.01 mag). In this case, additional I and z exposures were obtained (30s in I, 36s in z) for the same fields on subsequent photometric nights and used to recalibrate the original short and long exposure images.
Note that even though Landolt standards have been used to compute the photometric zero-points, the resulting I-band magnitudes are not in the Cousins system. This is due to the different passbands of the CFHT12K and Cousins filters which induces color terms, especially for very red objects. These colorterms can be estimated by integrating both filter passbands over Baraffe et al.'s (1998) model spectra. This yields :
We have not applied these color terms on our photometry. Instead, 600 Myr theoretical isochrones from the Lyon models were specifically computed for the I-and zband CFHT filters in order to provide a consistent comparison between models and observations in color-magnitude diagrams.
We found slight systematic differences between the photometric zero point of the various CCDs within the mosaic. The CCD-to-CCD zero point shifts were empirically estimated from the median (I-z) color of all stellar-like objects in each CCD, with reference to CCD04. The distribution of color shifts, computed over all images, has a median value of -0.005 mag and a rms of 0.05 mag. The CCD-to-CCD zero point shifts were corrected for by applying them to the z-band magnitude of the objects in the output photometric catalogues. The I-band magnitude was left unchanged. Small overlaps between most of the observed fields eventually allowed us to check the quality of the photometric calibration. This was done by comparing the pair of magnitude measurements available for every star common to 2 overlapping fields. The rms accuracy of the I-band and z-band photometry is found to be of order of 0.06 mag for I=18-20 in long exposures, then increases to 0.08 mag in the range I=20-22, and as the signal to noise ratio decreases further reaches 0.10 mag at I∼22.5. Similar results, scaled to the corresponding magnitude range, are obtained for short exposure images.
The photometric catalogues originally contained nearly 2.3 million non saturated objects detected on the short and long exposures. Non stellar objects (galaxies, bad pixels, cosmics) were rejected from the photometric catalogues on the basis of the FHWM of their PSF. The seeing FWHM was measured on each image from plots of the object's magnitude against PSF FWHM. Stellar-like objects lie along a well defined vertical line in these plots, at the value of the seeing FWHM (typically 0.6-0.8 ′′ , i.e., 3-4 pixels FWHM). Conservative limits typically between 50 and 150% of the seeing FWHM were adopted to filter out galaxies (larger PSF FWHM) and bad pixels and cos- mics (smaller PSF FWHM). Eventually, the output photometric catalogue contains over 930,000 non saturated stellar-like objects detected in both I-and z-bands over the 16 square degrees we surveyed down to a detection limit of I∼z∼24. The corresponding (I, I-z) color magnitude diagram (CMD) is shown in Fig 2. A total of 125 possible Hyades members were selected in this CMD from their location relative to model isochrones (see Section 3.1).
Follow up K-band photometry
Follow up K'-band imaging was obtained for 108 of the 125 optically selected candidate members. About half of this sample was observed in Nov.04 and the other half in Nov.05 using the 1k×1k CFHT IR camera . The exposure time varied from 0.5 to 14 minutes for candidates with I magnitudes ranging from 13 to 23. Each object was dithered on 7 positions on the detector, so that the median of the 7 images would provide an estimate of the sky background during the exposure. Individual images were dome flat fielded, sky subtracted, then registered and added to yield the final K'-band image. K-band photometric standards from Hunt et al. (1998) sual binary systems (CFHT-Hy-15/17, CFHT-Hy-4/4c), a large aperture was first used to estimate the system's total flux, and PSF photometry was performed to derive the flux ratio of the system components.
The derived K-band photometric zero point is 22.86 ± 0.03 mag, assuming an average extinction coefficient of 0.07 mag/airmass. Slight photometric variations occurred during some nights due to varying extinction by thin cirrus. Images obtained on these nights were recalibrated using 2MASS images of the same fields. In this case, the photometric accuracy is of order of 0.05 mag. The other nights had photometric conditions and the derived K-band magnitudes have an accuracy of order of 0.02 mag. The (I, I-z) and (I, I-K) CMDs for the 108 candidates followed up in the K-band are shown in Fig 3. 
Astrometry and proper motion
The proper motion of optically selected Hyades candidates was computed from pairs of optical (I, z) and infrared (K) images obtained 2 or 3 years apart (Nov.04, Nov.05) under similar seeing conditions (0.6-0.8 ′′ FWHM). The optical images (Bryja et al. 2004) . Within these boundaries, 23 optically selected candidates (empty circles) are found to share the proper motion of the cluster, including 2 brown dwarfs (large triangles). Typical rms errors on the ppm measurements are shown by a cross.
were astrometrically calibrated through CFHT's Elixir pipe-line (Magnier & Cuillandre 2004 ) with an accuracy of 0.8 ′′ rms. The infrared images were astrometrically calibrated using the WCStools package (Mink 2006) and 2MASS images as references. We found the CFHT IR detector to be aligned along the North-South direction to within 1 deg and the pixel scale to be 0.211 ′′ , as mentionned in CFHT IR's Reference Manual (0.211±0.001 ′′ ). Some CFHT IR images had not enough common objects with the shallower 2MASS images to allow a straight astrometric calibration through this method. In this case, we adopted the average orientation and plate scale derived for other CFHT IR images and simply calibrated the location of the center of the field.
Pairs of optical and infrared images where then matched by celestial coordinates to yield a list of common objects in the 2 images. The (X,Y) location of the objects on both detectors was measured using IRAF/DAOFIND package. A geometrical transformation was then computed (IRAF/GEOTRANS) which maps the (X,Y) coordinates of the optical detector into that of the IR detector. The geometrical transformation was derived from a set of typically 10 to 20 reference stars evenly distributed around the Hyades candidate. The candidate itself is not included in the computation and an iterative procedure is applied to reject any reference star exhibiting high residuals. The accuracy of the geometrical transformation was typically 0.07 pixels rms.
The transformation was then applied to the Hyades candidate, mapping its optical (X,Y) coordinates into the IR plane. The candidate proper motion was derived from the difference between the observed and mapped coordinates on the IR detector, divided by the time elapsed between the 2 images, and multiplied by the pixel scale. For each candidate, proper motion was measured using different sets of reference stars within the image, and from both the I and z images. The various measurements were always found to be consistent within errors and we finally considered their weighted mean as the best estimate of the candidate's proper motion.
The results are listed as µ α cos δ and µ δ in Tables 1 and D. 1. The rms accuracy on the ppm measurement is usually of order of 10 mas/yr. However, in some cases when the distribution of reference stars is asymetric relative to the candidate (i.e. when the optical candidate lies close to the CCD edge), higher systematic errors might be expected. Also, one candidate (HA13c08-1866l) was too faint in K (a probable non member) to have its proper motion measured. The proper motion vector diagram of 107 optically selected Hyades candidate members is shown in Figure 4 .
Optical Spectroscopy
We obtain optical spectroscopy for 3 new Hyades low mass candidate members and for 2 other candidates recovered in our survey but previously classified as non members (see Sect. 3.1). Spectroscopic observations were performed from December 5 to 8, 2006 at ESO/NTT with EMMI spectrograph which provides echelle spectra covering the wavelength range from 580 to 990 nm at a resolution of 9,800. Using NOAO/IRAF, the spectral orders were extracted, flat-field corrected, wavelength calibrated using a Th-Ar lamp and corrected from the instrumental response computed from spectrophotometric standards observed during the same nights. Exposure times from 600 to 1200s yielded a S/N ratio of about 30 per resolution element at 850 nm.
Infrared Spectroscopy
The three faintest probable Hyades members (Table 1) were observed with the NICS near infrared spectrograph at the 3.58m Telescopio Nazionale Galileo (TNG). We employed the high efficiency, very low resolution Amici spectroscopic mode, which yields a complete 0.85-2.45 µm spectra with a resolving power of 50 (Baffa et al. 2001; Oliva et al. 2003) . Observations were carried out in service mode by the TNG staff on Oct. 14 and 18, 2005. We used the 1 ′′ wide slit and total on-source integration times of 32, 56 and 40 minutes for CFHT-Hy-19, 20 and 21 respectively. The data reduction procedure closely followed the one described in Testi et al. (2001) . Correction for telluric absorption was achieved using observations of the AS11 A0 star from the list of Hunt et al. (1998) obtained during the same nights at a similar airmass as our main targets and with an identical instrumental setup.
Results
We identified Hyades candidate members from their location in optical and IR color-magnitude diagrams (CMDs) and assess their membership status from proper motion measurements. We describe below the selection criteria we used and applied to all stellar like objects detected on the optical images.
Probable Hyades members
Possible Hyades members are selected from their location in the (I, I-z) color magnitude diagram (CMD) relative to model isochrones. The 600 Myr NextGen (Baraffe et al. 1998 ) and Dusty (Chabrier et al. 2000) isochrones computed for CFHT 12K I and z filters were used. In order to account for photometric uncertainties and for the cluster's depth, the selection boundary was taken to lie 0.1 mag bluer than the isochrones, with the NextGen to Dusty transition occurring at I≃18.5 mag. The (I, Iz) CMD is shown in Fig. 2 together with the model isochrones labelled with mass shifted at a distance modulus of 3.33 for the Hyades cluster (Perryman et al. 1998) Follow-up K-band imaging of 108 possible candidates provided additional membership criteria. The (I, I-K) CMD of these candidates is shown in Fig. 3 . Most of the low mass stellar candidates qualify as possible members in this diagram as well, exhibiting (I-K) colors consistent with model predictions. In contrast, a large fraction of the optically selected substellar candidates appear too blue compared to the Dusty model isochrones, which suggests they are older late type field dwarfs unrelated to the cluster. However, the model isochrones become increasingly uncertain at very low masses as dust develops and may condense in the lower atmospheric layers, which results in a sudden change of the I-K index towards much bluer colors. The location of low mass substellar cluster members in the (I, I-K) diagram may thus span a large range of colors, from the Dusty isochrone bluewards. Chabrier et al. (2000) predict that the transition between the Dusty and Cond models should occur at a temperature of 1300-1400 K, which corresponds to a mass of 40 Jupiter masses for Hyades members.
As an additional membership criterion, proper motion was computed for all the candidates followed up in the K-band, except one (HA13c08-1866l) which was too faint in K and therefore a probable non member. The proper motion vector diagram of 107 optically selected candidates is shown in Fig 4. While most of the candidates scatter near the origin, with relatively small proper motion and thus most likely background field contaminants, 23 candidates have a proper motion consistent with Hyades membership. The ppm vector diagram also reveals 7 high proper motion objects (µ >100 mas/yr), most likely foreground late-type field dwarfs.
In order to analyse the distribution of objects in the ppm diagram, we built a synthetic ppm vector diagram from simulated observations spanning 1 sq.deg. in the direction of the Hyades cluster. The simulated sample was obtained from the Besancon model of galactic structure and kinematics (Robin et al. 2003) . We extracted from this sample all the objects lying in the same part of the (I, I-K) CMD as the optically selected Hyades candidates. The ppm vector diagram of the resulting synthetic subsample strongly ressembles the observed one, with most objects scattered around the origin with a slightly elongated distribution towards the south-east direction, and a few high velocity foreground dwarfs. No object from the simulated sample is found to lie within the boundary of the Hyades cluster proper motion. This indicates that the contamination of the observed ppm vector diagram by foreground field dwarfs at the expected location of Hyades members is small. We find only one optically selected candidate (HA12c07-101l) with a proper motion consistent with Hyades membership which is too blue in the (I, I-K) CMD to be a member (cf. Table D.1). We classified it as a non member.
Eventually, 22 candidates consistently qualify as probable Hyades members on the basis of their optical photometry, their (I-K) color and their proper motion. Their properties are listed in Table 1 and their spatial distribution is shown in Fig. 5 . Of these, 14 were already listed as probable Hyades members in Prosser & Stauffer's Open Cluster Database 1 (P&S database) based on various criteria and are confirmed here. Their alternate names are given in Table 1 . Another 3 probable members in our survey had been previously reported but classified as probable non members. One (CFHT-Hy-10 = RHy 191) is listed in the P&S database and classified as a probable non member based on the lack of H α emission in a low resolution spectrum (Stauffer's priv. comm., quoted in Reid 1993). The higher resolution spectrum we report for this object exhibits weak H α emission, with EW(H α )=3Å, and deep NaI 8183,8195Å lines, consistent with membership (cf. Fig. 6 ). Another candidate (HB6Ic04 77s = VA 241), also listed in the P&S database, was classified as a non member by Reid (1993) based on "(V-I) colours inconsistent with Hyades membership". The high resolution spectrum we obtain for VA 241 shows H α in absorption and shallow NaI doublet lines, a non member indeed (Fig. 6) . The last one (CFHT-Hy-19) is located close to the stellar/substellar boundary and has previ-1 Open Cluster Database, as provided by C.F. Prosser and J.R. Stauffer, and which currently may be accessed at http://www.noao.edu/noao/staff/cprosser/, or by anonymous ftp to 140.252.1.11, cd /pub/prosser/clusters/. ously been reported by Gizis et al. (1999) from the 2MASS survey of the Hyades cluster. This candidate is discussed in more details in the next section, as the evidence for membership is somewhat inconclusive. The remaining 5 probable members we report are new. They include 3 low mass stars (∼0.14 M ⊙ ) and 2 objects well within the substellar regime (∼0.050 M ⊙ ). The spectra of the 3 new low mass stars exhibit H α emission with equivalent widths between 4 and 6 Å, and deep NaI doublet, fully consistent with membership (cf. Fig. 6 ). In addition, we found during this survey an extremely red object, HB6Ic09 322l, with I=22.92 and I-K=7.55 ! The object appears point like in the IzK images but is not a Hyades member according to its proper motion (Table D.1). We note that this object lies only 3 ′ away from the Class 0 protostar IRAM 04191+1522 (André et al. 1999) and from the Class I protostar IRAS 04191+1523 (Lee et al. 2002) , both associated to the molecular condensations MC 18a and 18b (Onishi et al. 2002) . This indicates that star formation is still active in this area located at the outskirt of the Taurus molecular cloud. HB6Ic09 322l, whose proper motion is consistent with Taurus membership (Frink et al. 1997) , could thus be a new, selfembedded Class I source. However, there are no 2MASS nor IRAS counterparts at this location, nor is it detected by Spitzer at 24 and 70 µm (Ph. André, priv. comm.).
Comparison with previous Hyades surveys
In order to check the consistency of our membership classification of the 125 optically selected candidates, we searched the literature to compare our results with those of previous deep surveys of the Hyades cluster.
Dobbie et al. (2002) conducted a wide (10.5 sq. deg.) optical (I,z) survey of the Hyades cluster down to a completeness limit of I∼20.3 mag. They report 20 possible candidate members, of which they confirm only one as being a (previously known) proper motion low mass member (h5078e = RHy 297). Of the 20 candidates they report, 8 fall in the area we surveyed. Of these, 4 are too blue in the (I, I-z) CMD to be selected as possible members (h8644b, h1272b, h8711b, h5044b), and 2 are saturated on our images (h9448b, h4239b). The 2 remaining ones are recovered here as possible members in the (I, I-z) CMD but are eventually rejected on the basis of their discrepant proper motion (HB7Ic04 145s = h4046b; HB7Ic11 463s = h7334b).
Reid & Hawley (1999, RH99) reported low resolution follow up spectroscopy of 12 possible low mass candidate members identified by Leggett & Hawkins (1989, LH) from a Schmidt survey of the central regions of the cluster. Based on radial velocity measurements, they find that only one of the 12 stars is a probable low mass cluster member (LH 0418+13). Of the 12 LH objects, 6 fall in the cluster area we surveyed. Of these, 4 are too blue in our (I, I-z) CMD to be selected as possible cluster members (LH 0427+12, 0418+15, 0419+15, 0420+15). Another one (LH 0422+17 = HB1Ic01 386l) was selected as a possible member from its location in the (I, I-z) CMD but its proper motion proved inconsistent with membership. RH99 also measured a discrepant radial velocity for this object, which appears to be an unrelated field dwarf. The last object (LH 0424+15) falls on a bad column of a CCD preventing us from deriving its photometry. Gizis et al. (1999, GRM99) searched for very low mass stars and brown dwarfs in the central region of the Hyades cluster using the 2MASS survey. They selected 40 possible candidates, including 29 new ones, from their infrared colors corresponding to spectral types M8-L4. From the follow up low resolution spectroscopy they performed, none of these candidates appear to be cluster members. Eleven GRM99 new candidates fall in the area covered by our survey. Of these 11, 10 are too blue in the (I, I-z) CMD to be selected as possible cluster members (2MASSW J0434462+144802, J0435489+153719, J0431500+152814, J0431322+152620, J0431420+162232, J0421175+153003, J0421521+151941, J0424045+143129, J0430232+151436, J0423242+155954). The last one, however, CFHT-Hy-19 = 2MASSW J0417247+163436, lies close to the stellar/substellar boundary in Fig. 2 . We classify it as a probable cluster member based on its optical photometry, (I-K) color and proper motion, all being consistent with membership. Gizis et al. (1999) dismissed this candidate as a cluster member based on its low resolution spectrum (Sp.T. M8) exhibiting weak NaI 8200Å equivalent width, suggestive of low surface gravity. They also fail to detect H α in emission in their low resolution spectrum. Comparing with theoretical models, they estimate a surface gravity of log g=4.4-4.7, somewhat lower than expected for Hyades members (log g∼5.0). They conclude it is presumably a young (10-30 Myr), background (d∼150-200 pc) substellar object (M≤0.04M ⊙ ), possibly associated with the nearby Taurus star forming region. We find this possibility unlikely however, as the proper motion we measure for this candidate ([99, -28] mas/yr) is much larger than the proper motion of Taurus SFR members (typically, [10,-20 ] mas/yr, Frink et al. 1997) . Furthermore, the candidate's proper motion is fully consistent with Hyades membership. Hence, pending additional evidence for (or against) membership, we retain this candidate as a probable member.
Finally, Prosser & Stauffer's Open Cluster Database lists 147 probable members with V≥15.3 (I≥12.5). Of these, 30 lie in the area covered by our survey: 14 are recovered and confirmed here as members (see Table 1 , VA 262, VA 432, LP 414-158, HAN 430, VA 352, VA 203, VA 326, VA 260, HAN 495 , RHy 281, RHy 138, RHy 240A, RHy 240B, LH 91); 9 others are saturated on our short exposure images, with I magnitudes in the range from 12.52 to 13.36 and are therefore not considered in our study (VA 329, VA 213, VA 216, VA 94, VA 362, VA 763, VA 127, VA 368 , all of which except VA 329 have been spectroscopically confirmed as members, e.g., Reid & Mahoney 2000) ; another one is HAN 150 (VA 95, RHy 133, HC08c00 261s) which we do recover in our survey but has too blue an (I-z) color to be a candidate member (I=15.72, I-z=0.4). It was already rejected by Reid et al. (1993) based on its too blue (V-I) color. The 6 remaining objects are the RH99 candidates discussed above, none of which qualify as a member in our study. Hence, we recover all the candidate probable members listed in the P&S database which lie in the area covered by our survey and provide a new membership assessment for most of them. Another 6 objects listed as probable members in the P&S database lie in the spatial limit of our survey but fall in gaps between our fields, as we avoided the immediate vicinity of bright stars. These are RHy 159, RHy 228, RHy 230, RHy 287 (Reid 1992) and LH 0416+16, LH 0429+15 (Legget & Hawkins 1988) . Two of these (RHy 228 and RHy 230) have been confirmed as members (Reid et al. 1995; Reid & Mahoney 2000) , 2 others (RHy 159, RHy 287) have not been followed up (Reid 1992) , and the 2 remaining ones have been shown to be nonmembers (Reid & Hawley 1999) . Conversely, as discussed above (see Section 3.1), we recovered 2 objects, previously classified as non-members in the P&S database, one which we confirm as being a non-member (VA 241), the other which we classify as a bona fide Hyades member (CFHT-Hy-10 = RHy 191).
Discussion

L and T dwarfs in the Hyades cluster
We report here the first 2 Hyades brown dwarf candidates (CFHT-Hy-20, 21) as well as a previously detected very low mass object (CFHT-Hy-19) close to the stellar-substellar boundary. The 3 objects are strong candidate cluster members as their optical/infrared luminosity and colors are consistent with membership, as is their proper motion. The 2 BDs are well within the substellar domain with an estimated mass of about 50 Jupiter masses (see Table 2 ) while the lowest mass star has an estimated mass around 0.08 M ⊙ . A finding chart for the 2 substellar objects is provided in Fig. B.1 . According to models, at an age of 625 Myr, these objects should have an effective temperature around 1600 K for the 2 BDs and around 2400 K for the VLM star, which corresponds to spectral types late-L/early-T and late-M respectively.
The TNG/Amici low resolution spectra we obtained for these 3 objects, CFHT-Hy-19, 20 and 21 are shown in Figure 7 . The portions of the spectra that are affected by the strongest telluric absorption (around 1.4 and 1.9 µm) are not shown; the portion beyond 2.25µm and shortward of 1µm for CFHT-Hy-21 and CFHT-Hy-20 are also not shown as the signal to noise ratio in the blue end of the spectra is too low and, with the integration time chosen for these objects, the red edge of the spectra is in a non linear regime of the detector due to the high sky background.
The spectra of our targets have been compared with the Amici spectral library of field dwarfs compiled by Testi et al. (2001) and Testi (2004) . While the gravity of field dwarfs is expected to be somewhat different from that of Hyades members, at the Amici resolution, the general shape of the spectrum should closely match for similar spectral types. Following this expecta- Fig. 7 . Near-infrared Amici low resolution spectra of CFHTHy-19, 20 and 21 (solid lines from top to bottom). In each panel we also show the closest matching field dwarf spectrum from the low resolution Amici spectral library (Testi et al. 2001; Testi 2004 ). tion, we have matched our observed spectra with the most similar field dwarf spectra and derived an approximate spectral type for our targets. In Figure 7 we show as dotted lines the spectra of the closest matching dwarfs together with our target stars. We find an excellent match with dwarfs with spectral types M8, T2 and T1 for CFHT-Hy-19, 20 and 21 respectively; neglecting the possible systematic offset introduced by comparing dwarfs of different gravity, the uncertainty of our procedure for spectral typing is within one subclass. It is worth pointing out that our near infrared classification of CFHT-Hy-19 agrees with the optical M8 classification of Gizis et al. (1999) .
As noted above, the 2 T-dwarfs we report here are strong candidate Hyades members with their photometry and proper motion consistent with membership. Nevertheless, we proceed in estimating the probability that they could be unrelated field T dwarfs projected onto the Hyades cluster. The 2 observed Tdwarfs have a K-band magnitude of 16.08 and 16.59, respectively. T0-T2 field dwarfs at an age of a few Gyr have an absolute K-band magnitude of ≃13.5 (Chiu et al. 2006 ). This would then locate the contaminating dwarfs at a distance between approximately 30 and 40 pc. Combined with the area covered by our survey, this corresponds to a volume of 65 pc 3 . From the combination of the 2MASS and SDSS DR1 surveys, Metchev et al. (2007) derived an upper limit of 0.9×10 −3 pc −3 on the space density of T0-T2.5 dwarfs in the solar neighborhood. Hence, we would expect ≤0.06 early field T dwarf to contaminate our survey. An independent empirical estimate is provided by the detection rate of early T dwarfs in the UKIDSS LAS survey. Chiu et al. (2007) reported the detection of 3 early T-dwarfs up to a distance of 98 pc over 136 deg 2 in the southern sky. Scaling from their volume to ours, we derive that about 0.06 early field Tdwarfs should contaminate our survey. This further strengthens the likelihood that the 2 candidates we report here are indeed the first brown dwarfs and the lowest mass members of the Hyades cluster known to date.
The Hyades mass function
Our survey is complete in the mass range from less than 50 Jupiter masses up to 0.20 M ⊙ . We are thus able to derive the cluster's mass function across the stellar-substellar boundary and well into the brown dwarf regime. The mass of the probable members we report in Table 1 was derived using the 600 Myr NextGen (Baraffe et al. 1998) and Dusty (Chabrier et al. 2000) model isochones, with the transition between NextGen and Dusty taken at 0.08 M ⊙ (T e f f =2500K). These models provide Mass-Magnitude relationships in the CFHT I and z system, as well as for the K-band. Table 2 lists the mass of the candidates derived from their I, z and K magnitudes (DM=3.33 mag). Over the mass range 0.05-0.25 M ⊙ , mass estimates obtained from the I and z magnitudes agree to within 4% with no systematic offsets. In contrast, masses derived from K magnitude are usually higher than those derived from the I magnitude by up to 20% in the stellar domain, and are lower by up to the same amount in the substellar domain. The discrepancy between masses obtained from either visual or near-IR magnitudes presumably results at least in part from model uncertainties but might in some cases be related to the presence of unresolved companions. These uncertainties do not significantly affect the shape of the mass function we derive below and we adopt the masses obtained from the Iband magnitude in the following. In order to build the complete present-day mass function (PDMF) of the Hyades cluster, we combine the results of our survey in the 0.05-0.20 M ⊙ mass range to the P&S database which covers the mass range from about 0.1 M ⊙ to the most massive Hyades members over the whole cluster area. Since we report only 3 new members (over a total of 18, see Table 1 and 2) in the mass range from 0.1 to 0.25 M ⊙ that were not previously listed in the P&S database, we assume that the database is nearly com- plete down to 0.1 M ⊙ (Reid 1993) . Conversely, among the 30 low mass probable members listed in the P&S database that lie in the area of our survey, 8 are rejected as being non members (see Section 3.2). We thus estimate the contamination of the P&S database by field dwarfs to be about 27% below 0.3 M ⊙ . We assume the P&S database to be uncontaminated for brighter, better characterized Hyades members. The mass of the probable members from the P&S database was estimated from their V-band magnitude as explained in Appendix C. Figure 8 show the resulting mass distribution of Hyades probable members over the whole mass range from 0.050 to 3 M ⊙ , obtained by combining the results of our survey and the P&S database. Note that since sub-arcsecond binaries are unresolved in seeing-limited imaging surveys (Patience et al. 1997; Reid & Gizis 1997) , this mass distribution represents the systems mass function. The mass function was built by counting the number of objects in each mass bin and statistically correcting for the contamination of the P&S database by low mass field dwarfs. In order to account for the different areas covered by the 2 datasets, the number of objects detected in our survey was normalized to the number of objects listed in the P&S database over the common mass range 0.12-0.19 M ⊙ where the 2 datasets are complete. The normalization factor is 3.4 with, respectively, 10 and 34 objects in our survey and the P&S database over this mass range. This correction factor is consistent with the extrapolation of the areal coverage of our survey to the whole cluster's area assuming the radial distribution of low mass stars follows a King profile with a core radius of 3 pc and a tidal radius of 10.3 pc (Perryman et al. 1998) .
The estimate of the cluster's lower mass function we derive by simply counting the number of BDs and VLM stars detected in our survey and renormalizing to the whole cluster's area implicitely assumes that the radial distribution of the two populations is the same. Alternatively, if the Hyades cluster is fully relaxed, one may expect the core radius to scale with the inverse square root of mass, i.e., that the BD population are more widely distributed than the low mass stars. A core radius of 3 pc for low mass stars would then translate into r c ≃7 pc for brown dwarfs. Correcting for the different radial distributions of BDs and low mass stars within the 10.3 pc cluster's tidal radius, the actual number of brown dwarfs over the cluster's area would then be about 70% higher than the above estimate. Whenever relevant, this additional correction is taken into account in the discussion below. Fig. 8 compares the resulting Hyades PDMF to that of the Pleiades over the mass range from 0.050 to 3 M ⊙ . When expressed as the number of objects per linear mass bin, the mass distribution can be described as a power law over a limited mass range : Ψ(m) = dN/dm ∝ m −α (Salpeter 1955; Kroupa 2002 ). In the high mass range (M≥1M ⊙ ), the Hyades and Pleiades mass functions are found to be similar in shape, with a power law exponent which agrees with a Salpeter slope (α=2.35, Salpeter 1955) . However, in the lower mass range, the mass functions of the 2 clusters clearly differ (cf. Fig. 8 ) : while the slope of the power-law MF over the mass range 0.050-0.2 M ⊙ amounts to α =+0.6 for the Pleiades (Moraux et al. 2003) , we find α =-1.3 for the Hyades over the same mass range (or α =-0.8 assuming a 7 pc core radius for Hyades BDs). From the lack of brown dwarfs detection in previous surveys, Gizis et al. (1999) found α = 0 to be an upper limit of the Hyades PDMF below 0.3 M ⊙ , which is consistent with our estimate. This points to a strong deficiency of very low mass stars and substellar objects relative to massive stars in the Hyades cluster compared to the MF of Pleiades cluster.
When expressed as the number of objects per logarithmic mass bin, the MF can be approximated by a lognormal functional form :
where m 0 is the peak mass and σ the width of the distribution (Miller & Scalo 1979; Chabrier 2003) . A least square fit to the Hyades PDMF over the mass range 0.050 to 3 M ⊙ yields m 0 ≃ 0.60 M ⊙ and σ = 0.39 (or m 0 ≃ 0.59 M ⊙ and σ = 0.40 assuming a 7 pc core radius for BDs). For the Pleiades it yields m 0 ≃ 0.29M ⊙ and σ = 0.47. The lognormal fits to the mass functions of the 2 clusters are shown in Figure 9 . The deficiency of low mass members in the Hyades cluster's PDMF compared to the MF of the Pleiades cluster is also clearly apparent from these lognormal representations. Is the present-day Hyades mass function, as we observe it, a dynamically evolved version of the Pleiades mass function ? A number of N-body simulations have investigated the dynamical evolution of young stellar clusters and allow us to address this issue. First, our results indicate that the peak stellar mass in the Hyades cluster is 0.6 M ⊙ , while it is only 0.3 M ⊙ in the Pleiades cluster. This result is in qualitative agreement with Kroupa's (1995) N-body models which predict that the mean cluster mass, at least in the inner few parsecs of the system, linearily increases with time. The increasing peak mass of aging clusters results from cluster members experiencing weak gravitational interactions over a timescale of several 100 Myr thus leading to mass segregation and the preferential evaporation of low mass members (Terlevich 1987) .
Numerical models of the dynamical evolution of young open clusters by Adams et al. (2002) further predict that by an age of 625 Myr the Hyades cluster has lost about 2/3 of its initial stellar population and up to 70-90% of its initial substellar population, depending on the model assumptions. In contrast, at an age of only 120 Myr, the Pleiades cluster is expected to have lost only 10-15% of its initial stellar and substellar members (see also de la Fuente Marcos & de la Fuente Marcos 2000) . Assuming that the Hyades cluster is a dynamically-evolved version of the Pleiades cluster, we can estimate from the present-day MF of the 2 clusters the amount of low mass members that have been lost over a timescale of a few 100 Myr on the main sequence. Using the lognormal fits to the Hyades and Pleiades MF obtained above, we find that the Hyades must have lost about 60% of its initial low mass stellar population (0.08-1.0 M ⊙ ) and about 95% of its initial substellar population (or 92% assuming a 7 pc core radius for BDs in the Hyades). Within modelling and observational uncertainties, these empirical estimates of the preferential evaporation of low mass cluster members compare reasonably well with model predictions.
Hence, the Hyades cluster may well be a dynamicallyevolved version of the Pleiades cluster indeed, as suggested by Kroupa (1995) , i.e., both clusters may have had similar initial mass functions down to the substellar domain prior dynamical evolution, as also observed in other young open clusters (de Wit et al. 2006; Moraux et al. 2007 ). This would suggest that the IMF is not very sensitive to metallicity either, as the Hyades is slightly more metal rich than other young open clusters. Finally, by extrapolating the estimate of the present-day Hyades mass function derived above to the lowest mass BDs down to 0.013 M ⊙ and to the whole cluster area, we predict that the Hyades cluster currently harbors ∼10-15 brown dwarfs while it may have counted up to ∼150-200 such objects initially.
With a typical velocity of ≃1 km s −1 (de la Fuente Marcos & de la Fuente Marcos 2000), a fraction of the substellar escapers should now populate the solar neighborhood and be members of the so-called Hyades moving group or "supercluster" (Eggen 1958 (Eggen , 1993 Chereul, Crézé & Bienaymé 1998; Chumak, Rastorguev & Aarseth 2005) . The space velocity of a few field brown dwarfs detected within 20 pc from the Sun indeed seem consistent with their being part of this kinematical stream (Bannister & Jameson 2007; Zapatero Osorio et al. 2007 ).
Conclusion
From a deep, wide-field survey of the central region of the Hyades cluster, we identified new very low-mass cluster members, including 2 T-dwarfs with a mass of ≃ 50 Jupiter masses. The comparison of the Hyades lower mass function with that of younger clusters indicates that the cluster is strongly depleted in very low mass objects at an age of 625 Myr. We thus estimate a total of about 15 brown dwarfs in the present-day Hyades cluster compared to about 500 stars. This depletion appears to result from the preferential evaporation of the lowest mass cluster members over a timescale of several 100 Myr, as predicted by N-body models of the dynamical evolution of young clusters. A fraction of the substellar escapers should populate the solar neighborhood, and may be detected as members of the Hyades moving group from large scale surveys. We provide here a list of optically-selected Hyades candidates from the (I, I-z) CMD which turn out to be non members based on follow up K-band photometry and proper motion measurement. Table D. 1. Hyades probable non-members : candidate members selected from the (I-, I-z) CMD but whose infrared colors and/or proper motion is inconsistent with membership.
